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SUMMARY AND CONCLUSIONS 
Thirty-three motion and time studies were conducted in one her-
ringbone parlor and two side-opening parlors. One side-opener was 
equipped with a crowd gate, the other with a group washing system. 
Nine different milkers (men) were studied, with some using two or 
more different milking routines (techniques). Data collected are 
intended, primarily, for use in planning parlor construction and in 
computer simulation studies to determine and improve the efficiency 
and adequacy of a milking operation. 
1. There was more apparent variation among men (milkers) than 
between either parlor style or equipment. The milking technique 
adopted by the milker has considerable influence on the adequacy of 
milking as measured by prep-time and amount of overmilking. 
2. The number of machines that may be operated effectively may 
be as low as 2.3 units in conventionally equipped parlors where con-
siderable machine-stripping is practiced. If a crowd gate and group-
washing system are added, and machine-stripping is eliminated, it 
appears that the number of units operated effectively may be more 
than doubled. 
3. The addition of a crowd gate resulted in an 85% reduction in 
time spent in the holding corral moving cows into a parlor. Further-
more, cow movement time while the man was in the parlor pit was 
reduced 57%. 
4. The addition of a group-washing system conserved 52% of the 
time spent in washing, drying and checking udders before application 
of the milking units. 
5. Considerable time on the part of some milkers is spent in the 
machine-stripping process. Three of the nine milkers spent more 
than .6 minute stripping each cow. Since this excessive stripping 
time preempted their ability to accomplish other necessary chores, 
they, in turn, overmilked 35% of the cows by an average of 1.8 
minutes per cow. 
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INTRODUCTION 
This study defines and describes the parameters of milking in 
both the elevated side-opening and herringbone style milking parlor. 
Included in this "motion and time" study are measurements of differ-
ences in milking routines or techniques, as well as the probable con-
tribution of certain mechanical aids, including both crowd gates and 
group-washing systems. Milker (men) differences are also identified. 
Detailed measurements of time requirements for specific milking 
activities or chores are expensive to obtain. Very limited data are 
found in the scientific literature. This bulletin is published to supply 
resource data which may be used in planning milking parlors or 
as "input" data in computer simulations, thereby allowing research-
ers to characterize the relationship of milking techniques and adequacy 
of milking without the construction of a specific milking system. 
Results of computer simulation studies completed at the University 
of Nebraska, based on the inputs published herein, will appear in 
separate publications. 
REVIEW OF LITERATURE 
Labor accounts for 13 to 25% of the total cost of producing milk 
(9). Furthermore, 70 to 80% of the total chore time is spent in the 
milk barn (10). Next to tobacco farming, dairying has the largest 
requirement for labor, averaging 6,388 hours annually. The all-farm 
average is 4,406 hours (17, 18). 
According to Sellers (17), in a 1970 report, dairy farms average 
34 hours of labor per $100 of product sales. The larger dairies, with 
annual product sales greater than $40,000, use only 14 hours of labor 
per $100 of sales. Automation, undoubtedly, has contributed signifi-
cantly to this improvement in labor efficiency. 
While there have been numerous reports in the literature, only 
1 Professor of Animal Science, Dairy Management, College of Agriculture. 
2 Current address: Dairy Farm Superintendent, College of Agriculture, Iowa 
State University, Ames, la. 
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a limited number were derived by either motion and time studies 
or computer simulations. Most reports have simply related observa-
tions or claims. In general, the theoretical number of cows milked 
per man hour (cpmh) in the herringbone parlor (ranging from 31 
to 108 cmph, depending on the trial) have exceeded that actually 
obtained (ranging from 23 to 80 cmph). The wide range in both 
categories is somewhat dependent upon parlor size but other factors 
contribute (12). 
Parlor design, equipment and required chores all influence the 
length of work routines. This, in turn, influences the number of 
units handled, the frequency and length of overmilking and subse-
quently the number of cows milked per man hour (1). 
Human factors also influence efficiency ( 1). Factors such as energy, 
skill and motivation influence time elements. Motivation, or the 
lack of it, may account for up to one-third of the time spent milking. 
Cows per man hour should not be the only deciding factor in 
determining the adequacy of a given milking facility. The dairyman 
should be interested in quantity of milk per hour (12) . Furthermore, 
he should know of any limitations associated with feeding, prepara-
tion of the cow for milk ejection, stripping and machine removal, 
amount of overmilking, as well as the comfort (idle time) provided the 
man (men) involved. 
Feeding 
To feed or not to feed in the parlor is one of the most popular 
discussions today in the area of management. The most reasonable 
argument for feeding is to entice cows into the parlor; however, 
crowd gates may eliminate this need. 
Consumption rate is somewhat limited-½ to 1 ½ pounds per 
minute-depending upon type of feed fabrication (1, 6, 19). The expo-
sure time to grain is dependent upon the individual cow and the 
parlor style (19). Other problems with parlor feeding are improper 
calibration of feeders or the tendency for milkers to overfeed (7). 
Other arguments for elimination of parlor feeding are the lowered 
investment in equipment, less equipment to repair, and fewer cleanup 
chores. 
The recommendation from most findings is that group feeding is 
best or that parlor feeding should not delay milking (1, 6). 
Milk Ejection-Cow Preparation 
The theory of milk ejection is an entire topic itself, which leads 
to the recommended practices in preparing cows to be milked. Much 
research has been done in this area with Minnesota researchers (8) 
doing much of the first work. The concepts of milk ejection have 
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been summarized and basic guidelines concerning cow preparation 
have been written (21). 
The effectiveness of oxytocin is between 1 to perhaps 10 minutes, 
peaking at 1 to 5 minutes, and rapidly declining after 8 minutes. 
Evidence indicates that machine application between one minute 
and three minutes after preparation increases milk flow and yield 
(1, 4, 13) and decreases milking time (16, 20). 
Stripping and Machine Removal 
For some dairymen the process of milking is incomplete without 
machine-stripping; others view this action as a waste of time and to 
a certain extent ineffective. The feeling that machine-stripping is 
necessary has been perpetuated; however, stripping should not be 
excessive (2, 5) . The supposed purpose of stripping is the removal 
of all milk from the udder. Reports indicate, however, residual milk 
will range from 5 to 30% of total yield (14, 21) . Other reasons given 
for the continued practice of machine-stripping are increased milk 
fat tests and milk yields, accompanied by lowered incidence of mas-
titis (21) . 
It has been shown that elimination of stripping will reduce yields 
up to 3% , but up to 40% more cows per hour can be milked, yield-
ing a net increase in milk obtained per hour (1 , 3, 4, 11, 14). Addi-
tionally, the incidence of mastitis and stress, as measured by the 
California Mastitis Test, remains unchanged (11, 15). 
EXPERIMENTAL PROCEDURE 
Collecting Motion and Time Data 
Nineteen motion and time data studies were conducted in one 
herringbone parlor, two in the side-opening parlor with a crowd gate, 
and twelve in the side-opening parlor with group-washing. 
Parlors were selected on the basis of: 
1. Herd size, i.e ., large enough to milk several strings. 
2. The mechanization present. 
3. The ability to obtain individual cow milk weights. 
4. The number of milkers, i.e., more than one milker. 
Data were collected during the spring and summer of 1971. The 
herringbone parlor (Fig. 1) data were collected at the University of 
Nebraska Field Laboratory dairy. The side-opening parlor (Fig. 2) 
data were collected at both the A JR and Edwien Wiedeman dairies 
near Greeley, Colorado. The latter two parlors were identical in 
design, differing only in the type of mechanization utilized. 
The appropriate code number from Table 1 was used for each 
5 
i 
0 
0 
0 
0 
0 
0 
A 
i 
Fig. I. Herringbone parlor at the University of Nebraska. Stall numbers I to 12 
were used for identification of cows handled individually. Letters A, B, C 
and D denote group handling situations. See T able 2 for a detailed de-
scription of the milking techniques employed. 
action (activity) of the milker. The time of each action was arbitrarily 
set as the beginning of each action to the start of th e subsequent 
action. Overmilking was said to have begun when the milk flow into 
the weigh jars had subsided to an intermittent flow. These times, 
taken from an electric Lab-Chron timer, were recorded in hundredths 
of minutes. 
Special or unusual remarks were noted and recorded with an 
assigned code when checking data. Milk weights were also recorded. 
T he motion and time study commenced with the gates opening, 
allowing the first cow to enter the parlor. The appropriate data were 
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Fig. 2. Side-opening parlor on the AJR and Wiedeman dairies. In these studies, the 
double-2 side-opener having the stalls farthest away from the holding area 
was designated Parlor 2; that having the stalls nearest the holding area was 
called Parlor 3. 
7 
Table I. Codes used to define the activities in milking parlors. 
Code number 
A. Cow preparation 
11 
12 
35 
B. The milking interval 
21 
22 
23 
24 
25 
C. Post milking processes 
31 
32 
33 
34 
36 
D. Cow movement 
40 
41 
42 
43 
E. Leaving pit for other than cow movement 
51 
52 
53 
F. Idle time 
61 
62 
71 
Code explanation 
washing the cow's udder 
drying the cow's udder 
checking the udder condition 
machine application to the cow 
machine-stripping 
machine removal 
correction of fallen machines, 
"squawking" teat cups, etc. 
overmilking 
cow treatment 
sampling milk or recording data 
teat dipping 
collection of abnormal milk 
hand-stripping 
cow movement into parlor without 
aid and locking gates 
cow movement out of parlor, open-
ing gate 
man leaves pit to bring cows in 
from holding corral 
additional cow movement out of 
parlor 
to milk room 
to other than milk room 
equipment failure 
idle time 
wait for milk jar to empty 
walk in pit 
recorded for each succeeding action by the milker for about one hour. 
The motion and time recording ended with the exit of the last cow. 
A description of type of parlor, kinds of mechanization, and milk-
ing routes or techniques studied is found in Table 2. Only one 
milker was common to more than one farm. Milker A was employed 
in both the dairy equipped conventionally and the one with a group 
wash system. Milkers B, C, D and I were employed only on the con-
ventional herringbone; E and G worked in the group wash system; 
F and H milked in the crowd gate system. 
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Table 2. Description of parlors, mechanical aids, and techniques in the motion 
and time studies. 
Code Description 
Parlors 
I Double-6 herringbone, one man operation 
2 Double-2 side-opener, farthest set of stalls from the holding area• 
3 Double-2 side-opener, closest set of stalls to the holding area• 
Mechanical aids 
1 Conventional system 
2 Parlors with crowd gates 
3 Parlors with group-washing systems 
Techniques 
I Open Box Method: Used in the herringbone where all cows are let in, 
milked, and released before another group enters. 
II Circle Method: Used in the herringbone where one side at a time is 
milked, released, and then another group brought in while the opposite 
side is milking. Start (Fig. 1) at stall 1, proceed to stall 6, then 12 to 7, 
repeat in order. 
III The Zigzag Method: Used in the herringbone where 12 cows are milked 
in one end of the pit at a time. The goal is to spend as much time 
in one end as possible thus eliminating excess walking. Start (Fig. 1) 
at A and proceed in order to C, DBDB, ACAC, etc., always releasing 
the milked side. 
IV The Wanderer: So called because the milker wanders all over the pit of 
the side-opener, removing and replacing milker units. This technique 
may have any number of units in use at any one time. 
V The Great Circle Method: This technique found in the side-opener is 
similar to the. herringbone's Circle Method in that the milker units 
are removed in order of application. Usually no more than one unit is 
idle at any time. 
a Parlors 2 and 3 are actually a double-4 side-opener operated as two separate double-2 
side-openers. 
Analyses of Motion and Time Data 
A Fortran program for the IBM 360 computer system provided a 
chronological accounting of each individual activity. Other programs 
determined the means, standard deviations, ranges and distributions 
for each activity (Table 1) for each parlor-type, level of mechanization, 
technique or milking routine, and for each milker involved. 
No analyses of variances were done because: 
1. The number of parlors studied was limited. 
2. Sampling and milk weight recording was practiced on an every 
milking basis only in the herringbone, accounting for 14.5% of the 
milking time. 
3. Milker (man) routine effects were confounded with parlor type. 
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RESULTS AND DISCUSSION 
. A summary of the most important data, measurements of labor 
efficiency and cow health, is found in Tables 3 and 4. There is mor 
apparent variation among men (milkers) than between either parlo 
style or equipment. Although it is not easy to separate man difference 
from the technique used, it appears that technique III is the superior 
milk routine. This advantage is attributed primarily to the limited
amount of stripping and the method of moving to the next group of 
cows. Technique II, though the most frequently used, was judged 
the least efficient. f 
The number of machine units operated simultaneously by one man 
in a conventional parlor is generally accepted as three or four. There
is a tendency for some operators to use more when given the oppor- 
tunity. In this study three or six units were utilized in the herringbone 
with no apparent difference in output per hour of labor. The peak 
efficiency may be with the use of four or five units. I 
The hypothesis that more variation exists between men than 
between barn style or how much equipment is installed is supported 
when the cow health measurements (strip-time, prep-time, overmilkingl 
percent of cows overmilked, and percent of cows stripped) in Table 4 
are inspected. Granted, there is considerable variation in these meas 
urements, but none exceed that expressed as man differences. 
When activity times were expressed as a percentage of the entire 
milking (Table 5), variation between techniques within a parlor sty I 1 
was minimized while parlor differences and the influence in mechan 
ical aids become more apparent. Thus, a theoretical "maximum num-
ber of units" to be used for cows of different production capabilitie 
was determined (Table 6). Average machine milking times, withou 
overmilking, of 4.25 and 4.95 minutes for low and high producing 
strings of cows were assumed. These calculations were similar to those 
reported by earlier workers (15). 1 
The addition of mechanical "crowd gates" and group "udde -
washing" systems resulted in increased unit operation capacity. The 
addition of a crowd gate resulted in an 85% reduction in time spen11t in the holding corral moving cows into a parlor. In addition, co 
movement time while the man was in the parlor pit, was reduce 
57%. The addition of a group-washing system conserved 52% of th 
time spent in washing, drying and checking udders before application 
of the units. 
When a crowd gate and group-washing system is added to a typic 
parlor pipeline milking system, and when excessive machine-stripping 
is eliminated, the number of machines operated effectively by one 
man, may be increased by 2.25 units (Table 6). I 
Tables 7 to 25, inclusive, provide data that may be used in planning 
milking parlors and in computer simulation programs. The mean time 
10 
Table 3. Summary of motion and time studies for efficiency. 
Cows milked/ Cow 
man hour in-time Milk/hour Milk/ cow 
(min) (lb) (·lb) 
Parlor style 
Herringbone 31.53 18.65 627 39.6 
Side-opener I 30.62 7.05 669 44.0 
Side-opener II 30.81 6.94 711 45.3 
Mechanization 
Crowd gate 31.79 6.45 
Group wash 30.53 7.13 693 45.1 
Technique 
I 31.27 19.44 653 43.6 
II 28.84 19.34 570 39.8 
III 37.60 16.78 739 36.7 
IV 33.82 6.82 678 40.0 
V 30.48 7.01 695 45.8 
Machines 
3 31.65 19.72 618 38.1 
6 31.37 17.01 640 42.0 
Men 
A 27.09 23.45 431 31.7 
B 27.63 21.10 524 38.1 
C 29.85 17.63 607 41.4 
D 38.79 15.13 790 40.3 
E 30.70 6.71 
F 31.08 7.00 640 43.8 
G 32.88 6.21 
H 30.82 7.00 711 46.2 
I 28.26 8.74 638 44.2 
All parlor mean 31.18 9.51 651 41.4 
is the average time involved in the number of observations indicated. 
The adjusted mean time is the average time per cow involving all 
cows (including zero time), and is listed only when the number of 
observations for a given measurement differs from the number of cows 
involved. 
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Table 4. Summary of motion and time studies. for cow udder health, 
Cows 
Prep Machine I Stripping I Cows Over- over· 
time on-time time stripped• milk milked 
(min) (min) (min) (%) (min) ( %) 
Parlor style 
Herringbone 2.50 4.32 0.36 66.4 l.ll 14.2 
Side-opener I 0.39 5.88 0.46 187.5 1.77 43.6 
Side-opener II 0.32 6.07 0.40 128.0 2.07 52.9 
Mechanization 
Crowd gate 0.30 5.71 0.26 78.5 
Group wash 0.39 6.04 0.50 112.0 1.94 49.5 
Technique 
I 2.78 4.34 0.41 80.5 0.98 11.4 
II 2.50 4.45 0.30 83.0 1.02 11.5 
III 2.29 4.05 0.56 28.2 1.26 21.2 
IV 0.27 4.81 0.41 90.5 0.70 11.6 
V 0.36 6.08 0.44 143.0 1.98 54.0 
Machines 
3 3.00 4.21 0.37 66.0 l.15 14.6 
6 1.77 4.48 0.33 70.0 1.05 13.3 
Men 
A 3.05 4.52 0.60 102.0 1.82 39.8 
B 3.70 4.25 0.25 77.0 0.85 10.0 
C 1.43 4.63 0.33 88.0 l.14 12.5 
D 2.24 4.00 0.33 15.5 0.85 15.5 
E 0.35 5.88 0.28 152.5 
F 0.36 6.17 0.57 105.0 1.90 41.0 
G 0.25 5.54 0.25 166.0 
H 0.31 5.13 0.45 91.5 2.07 53.0 
I 1.26 5.51 0.49 136.0 1.65 24.0 
All parlor mean 1.67 4.96 0.40 85.0 1.62 24.9 
• Number of stripping activities 
X 100 
Number of cows milked 
12 
Table 5. Percent of total milking time spent doing a specific chore under various systems.• 
Parlor Mechanical aids Technique 
I 
Side-opener 
I I I I I I I Crowd Group-Chore Herr. 1 2 None gate washing I II III IV V 
Entry 1.6 15.l 11.3 1.6 6.5 15.4 1.5 1.7 1.6 15.7 13.0 
Check udders .5 2.6 3.0 .5 1.5 3.2 .5 .6 .4 3.2 3.2 
Wash udders 12.8 2.6 5.4 12.8 7.3 2.8 IO.I 15.0 10.0 1.5 4.2 
.... 
Dry udders 5.7 5.6 2.7 5.7 7.6 3.3 5.3 5.9 5.7 4.6 4.2 
"° Apply unit 13.5 10.3 11.6 13.5 10.6 II.I 13.2 12.2 16.7 12.0 10.9 
Machine strip 12.4 29.5 21.8 12.4 22.2 27.l 16.3 12.l 10.0 25.9 25.7 
Remove unit 10.6 6.6 5.8 10.6 7.2 6.0 9.7 10.8 11.0 10.0 5.9 
Dip teats 3.6 3.6 4.4 3.5 3.4 
Exit 2.6 6.3 5.9 2.6 7.0 5.7 2.1 2.7 2.7 3.6 6.3 
To holding pen 5.3 2.0 4.7 5.3 .6 3.8 3.9 5.2 6.7 3.6 3.3 
Idle 5.8 8.4 13.2 5.8 12.8 9.3 3.4 6.3 6.8 8.8 10.9 
Problems 5.1 3.9 3.6 5.1 2.2 4.0 4.5 5.5 4.8 8.2 3.4 
Record 14.5 14.5 17.7 14.3 12.4 
• See Table 2 for explanation of parlors, mechanical aids and techniques. 
.... 
""" 
Table 6. Number of machines effectively operated for certain routine changes in various systems.• 
I Machine on~time Herr. 
(min) 
Original work routines 
4.95 2.67 
4.25 2.29 
Parlor 
Side-opener 
I 
2.79 
2.39 
I 2 
2.91 
2.50 
None 
2.67 
2.29 
Mechanical aids 
I Crowd gate 
3.05 
2.62 
I Group-washing 
2.85 
2.45 
I 
2.62 
2.25 
I II 
2.49 
2.14 
I 
Technique 
III 
3.19 
2.74 
I IV 
2.85 
2.45 
I V 
2.85 
2.44 
No recording, crowd gate added (estimated savings: 85% of time to move cows from holding corral, 57% of other moving times) 
4.95 3.37 2.79 3.30 3.37 3.05 3.28 3.44 3.1:l 4.01 3.27 3.12 
4.25 2.90 2.40 2.83 2.90 2.62 2.81 2.95 2.69 3.44 2.81 2.67 
No recording, crowd gate with group-washing added (estimated savings: 52% of time to wash, check, and dry) 
4.95 3.88 2.79 3.30 3.88 3.40 3.28 3.89 3.65 4.55 3.27 3.12 
4.25 3.33 2.40 2.83 3.33 2.91 2.81 3.34 3.13 3.91 2.81 2.67 
No recording, crowd gate, group-washing with no-stripping added 
4.95 4.78 4.09 4.56 4.78 4.77 
4.25 4.10 3.52 3.92 4.10 4.09 
a Sec Table 2 for explanation of parlors, mechanical aids and techniques. 
4.95 
4.25 
5.25 
4.51 
4.46 
3.83 
5.37 
4.61 
4.70 
4.04 
4.56 
3.92 
Table 7. Washing udders-code II. 
Standard 
Description Observations Mean deviation 
Parlor style (No.) (min) (min) 
I. Herringbone 736 0.25 0.15 
2. Farthest side-opener 237 0.05 0.08 
3. Nearest side-opener 
Mechanical aids 
224 0.10 0.14 
I. Conventional" 736 0.25 0.15 
2. Crowd gate 92 0.14 0.o7 
3. Group-washing 369 0.06 0.12 
Techniques 
In herringbone 
I. Open box 139 0.20 0.12 
2. Circle 396 0.30 0.16 
3. Zigzag 201 0.16 0.08 
In side-opener 
4. Wanderer 37 0 .03 0.06 
5. Great circle 424 0.08 0.12 
Man 
A. 166 0.08 0.09 
B. 48 0.15 0.07 
C. 188 0.29 0.17 
D. 208 0.32 0.15 
E. 44 0.17 0.08 
F. 71 0.03 0.09 
G. 48 O.ll 0.08 
H . 180 0.09 0.15 
I. 244 0.19 0.ll 
Table 8. Drying udders- code 12. 
Standard 
Description Observations Mean deviation 
Parlor style (No.) (min) (min) 
I. Herringbone 736 O.ll 0.06 
2. Farthest side-opener 237 O.ll 0.08 
3. Nearest side-opener 224 0.05 0.08 
Mechanical aids 
1. Conventional 736 0.11 0.06 
2. Crowd gate 92 0.14 0.07 
3. Group-washing 369 0.06 0.08 
T echniques 
In h erringbone 
I. Open box 139 0.11 0.06 
2. Circle 396 U.12 0.07 
3. Zigzag 201 0.09 0.05 
In side-opener 
4. Wanderer 37 0.08 0.09 
5. Grea t circle 424 0.08 0.09 
Man 
A. 166 0.12 0.07 
B. 48 0.09 0.04 
C. 188 0.10 O.o7 
D. 208 0.32 0.15 
E. 44 0.16 0.08 
F. 71 0.06 0.09 
G. 48 0.13 0.05 
H. 180 0.03 0.05 
I. 244 0.10 0.06 
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Table 9. Checking udders- code 35. 
Standard 
Description Observations Mean deviation 
Parlor style (No.) (min) (min) 
1. Herringbone 736 0.01 0.06 
2. Farthest side-opener 237 0.05 0.09 
3. Nearest side-opener 224 0.06 0.14 
Mechanical aids 
1. Conventional 736 0.01 0.05 
2. Crowd gate 92 0.03 0.16 
3. Group-washing 369 0.06 0.10 
Techniques 
In herringbone 
1. Open box 139 O.oI 0.07 
2. Circle 396 0.01 0.06 
3. Zigzag 201 0.01 0.04 
In side-opener 
4. Wanderer 37 0.06 0.07 
5. Great circle 424 0.06 0.12 
Man 
A. 166 0.03 0.06 
B. 48 0.01 0.03 
C. 188 0.02 0.06 
D . 208 0.01 0.06 
E. 44 0.06 0.22 
F. 71 0.10 0.10 
G. 48 0.00 0.00 
H. 180 0.06 0.11 
I. 244 0.01 0.06 
Table 10. Machine application- code 21. 
Standard 
Description Observations Mean deviation 
Parlor style (No.) (min) (min) 
1. Herringbone 736 0.26 0.09 
2. Farthest side-opener 237 0.20 0.10 
3. Nearest side-opener 224 0.22 0.09 
Mechanical aids 
1. Conventional 736 0.26 0.09 
2. Crowd gate 92 0.20 0.10 
3. Group-washing 369 0.21 0.10 
Techniques 
In herringbone 
1. Open box 139 0.27 0.09 
2. Circle 396 0.25 0.12 
3. Zigzag 201 0.28 0.10 
In side-opener 
4. Wanderer 37 0.21 0.13 
5. Great circle 424 0.21 0.10 
Man 
A. 166 0.21 0.10 
B. 48 0.31 0.13 
c. 188 0.27 0.10 
D . 208 0.23 0.07 
E. 44 0.20 0.10 
F. 71 0.20 0.09 
G. 48 0.20 0.10 
H . 180 0.23 0.10 
I. 244 0.27 0.09 
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Table I I. Machine stripping-code 22. 
Observa- I Fre- Standard I Adjusted Description tions quency• Mean deviation mean 
Parlor style (No.) ( % ) (min) (min) (min) 
I. Herringbone 498 68 0.35 0.29 0.24 
2. Farthest side-opener 288 122 0.46 0.36 0.56 
3. Nearest side-opener 232 104 0.40 0.39 0.42 
Mechanical aids 
I. Conventional 498 68 0.36 0.29 0.24 
2. Crowd gate 147 160 0.26 0.18 0.42 
3. Group-washing 373 167 0.50 0.27 0.51 
Techniques 
In herringbone 
I. Open box 112 81 0.41 0.36 0.33 
2. Circle 327 83 0.30 0.21 0.25 
3. Zigzag 59 29 0.56 0.40 0.17 
In side-opener 
4. Wanderer 41 111 0.41 0.36 0.46 
5. Great circle 479 113 0.44 0.38 0.48 
Man 
A. 218 131 0.49 0.38 0.65 
B. 49 102 0.60 0.41 0.61 
C. 82 44 0.29 0.22 0.13 
D. 182 88 0.33 0.20 0.29 
E. 67 136 0.29 0.18 0.43 
F. 74 104 0.59 0.37 0.61 
G. 80 167 0.25 0.18 0.41 
H . 165 92 0.45 0.45 0.41 
I. 38 16 0.33 0.30 0.05 
• Frequency= number of times activity observedx JOO 
number of cows milked 
Table 12. Machine time-code 7. 
Standard 
Description Observations Mean deviation 
Parlor style 
I . Herringbone 
(No.) 
736 
(min) 
4.32 
(min) 
1.32 
2. Farthest side-op ener 237 5.88 1.59 
3. Nearest side-opener 224 6.08 1.53 
Mechanical aids 
I. Conventional 736 4.32 1.32 
2. Crowd gate 525 5.70 1.60 
3. Group-washing 369 6.04 1.55 
T echniques 
In h erringbone 
i.34 I. Open box 139 4.34 
2. Circle 396 4.45 1.36 
3. Zigzag 201 4.05 1.17 
In side-opener 
4. Wanderer 37 4.81 0.95 
5. Great circle 424 6.08 1.56 
Man 
A. 166 5.51 I.SO 
B. 48 4.52 1.32 
C. 188 4.25 1.59 
D. 208 4.63 1.09 
E. 44 5.88 1.82 
F. 71 6.17 1.40 
G. 48 5.54 1.36 
H. 180 6.13 1.45 
I. 244 4.00 1.09 
17 
Table 13. Machine removal-code 23. 
Standard 
Description Observations Mean deviation 
Parlor style (No.) (min) (min) 
l. Herringbone 736 0.21 0.11 
2. Farthest side-opener 237 0.13 0.14 
3. Nearest side-opener 224 0.11 0.07 
Mechanical aids 
l. Conventional 736 0.21 0.11 
2. Crowd gate 92 0.14 0.07 
3. Group-washing 369 0.11 0.12 
Techniques 
In herringbone 
l. Open box 139 0.20 0.13 
2. Circle 396 0.22 0.11 
3. Zigzag 201 0.18 0.10 
In side-opener 
4. Wanderer 37 0.18 0.33 
5. Great circle 424 0.11 0.06 
Man 
A. 166 0.16 0.18 
B. 48 0.25 0.13 
C. 188 0.19 0.10 
D. 208 0.25 0.10 
E. 44 0.11 O.o7 
F. 71 0.10 0.07 
G. 48 0.16 0.06 
H. 180 O.ll 0.06 
I. 244 0.17 0.10 
Table 14. Machine correction-code 24. 
Observa- I Fre- Standard I Adjusted Description tions quencya Mean deviation mean 
Parlor style (No.) (%) (min) (min) (min) 
l. Herringbone 278 38 0.27 0.28 O.lO 
2. Farthest side-opener 69 29 0.25 0.23 0.07 
3. Nearest side-opener 45 20 0.34 0.37 0,07 
Mech anical aids 
l. Conventional 278 38 0.27 0.28 0.10 
2. Crowd gate 20 22 0.19 0.16 0.04 
3. Group-washing 94 42 0.31 0.31 0.08 
Techniques 
In herringbone 
l. Open box 50 36 0.26 0.19 0.09 
2. Circle 153 39 0.29 0.32 0.ll 
3. Zigzag 70 35 0.23 0.21 0.08 
In side-opener 
4. Wanderer 17 46 0.32 0.32 0.14 
5. Great circle 97 23 0.29 0.29 O.o7 
Man 
A. 53 32 0.31 0.28 0.10 
B. ll 23 0.24 0.23 0.06 
C. 82 44 0.29 0.22 0.1 3 
D. 71 34 0.29 0.41 0.10 
E. 5 ll 0.21 0.22 0 .02 
F. 15 21 0.24 0.12 0.05 
G. 15 31 0.19 0.14 0.06 
H . 40 22 0.36 0.38 0.08 
I. 95 39 0.22 0.18 0.09 
a Frequency_ number of times activity obserVed x 100 
number of cows milked 
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Table 15. Overmilking-code 25. 
Observa- I Fre- Standard I Adjusted Description tions quencya Mean deviation mean 
Parlor style (No.) (%) (min) (m in ) (min) 
1. Herringbone 104 14 1.11 0.83 0.16 
2. Farthest side-opener 67 28 1.76 0.96 0.50 
3. Nearest side-opener 95 42 2.07 1.14 0.88 
Mechanical aids 
1. Conventional 104 14 l.ll 0.83 0.16 
2. Crowd gate 
3. Group-washing 162 44 1.94 1.08 0.85 
Techniques 
In herringbone 
1. Open box 16 12 0.98 0.86 0.11 
2. Circle 45 ll 1.02 0.83 0.12 
3. Zigzag 43 22 1.26 0.81 0.27 
In side-opener 
4. Wanderer 4 11 0.70 0.20 0.08 
5. Great circle 158 37 1.97 1.07 0.74 
Man 
A. 40 24 1.65 0.86 0.40 
B. 19 40 1.82 0.84 0.71 
C. 19 10 0.85 0.85 0.09 
D. 26 13 1.14 0 .80 0.14 
E. 
F. 29 41 1.90 1.06 0.78 
G. 
H . 95 53 2.07 1.14 1.09 
I. 38 16 0.85 0.63 0.13 
a Frequency== n~mber of times activity observed x 100 
number of cows milked 
Table 16. Treating cows-code 31. 
Observa- I Fre- Standard I Adjusted Description lions quencya Mean deviation mean 
Parlor style (No.) ( %) (min) (m in) (min) 
1. Herringbone 9 1.2 0.77 0.54 0 .01 
2. Farthest side-opener l 0.4 0.60 0.00 
3. Nearest side-opener 4 1.8 0.46 0.12 O.ol 
Mechanical aids 
1. Conventional 9 1.2 0.77 0.54 0.01 
2. Crowd gate 4 4.4 0.46 0.12 0.02 
3. Group-washing l 2.7 0.60 0.00 
Techniques 
In herringbone 
1. Open box l 0.7 1.58 0.01 
2. Circle 7 1.8 0.73 0.47 0 .01 
3. Zigzag 1 0.5 0.22 0.00 
In side-opener 
4. Wanderer 0 0.0 
5. Great circle 5 1.2 0.48 0.12 0.01 
Man 
A. 1 0.6 1.58 0.01 
B. 0 0.0 
C. 5 2.7 0.48 0.18 0.01 
D. 2 1.0 1.36 0.36 0.01 
E. 4 9.1 0.46 0.12 0.04 
F. 1 1.4 0.60 0.01 
G. 0 0.0 
H . 0 0.0 
I. 1 0.4 0.22 0.00 
a Frequency== number of times activity observed x 100 
number of cows milked 
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Table 17. Dipping teats-code 33. 
Observa- Fre- Standard I Adjusted 
Description lions quencya Mean deviation mean 
Parlor style (No.\ (%) (min) (min) (min) 
I. Herringbone 670 91.0 0.08 0.05 0.07 
2. Farthest side-opener 
3. Nearest side-opener 
Mechanical aids 
I. Conventional 670 91.0 0.08 0.05 0.07 
2. Crowd gate 
3. Group-washing 
Techniques 
In h erringbone 
I. Open box 140 100.7 0.09 0.06 0.09 
2. Circle 328 82.8 0.09 0.04 0.07 
3. Zigzag 202 100.5 0.06 0.05 0.06 
In side-opener 
4. Wanderer 
5. Great circle 
Man 
A. 45 27.I 0.10 0.06 0.03 
B. 49 102.I 0.09 0.08 0.09 
C. 187 99.5 0.09 0.05 0.09 
D. 141 67 .8 0.09 0.04 0.06 
E. 
F. 
G. 
H . 
I. 248 101.6 0.06 0.04 0.06 
F number of times activity observed 00 
• requency == x I 
number of cows milked 
Table 18. Collecting abnormal milk- code 34. 
Observa- I Fre- Standard I Adjusted Description tions quencya Mean deviation mean 
Parlor style (No.) (%) (min) (min) (min ) 
I. Herringbone 26 3.5 0.25 0.17 0.01 
2. Farthest side-opener 3 1.3 0.25 0.28 0.00 
3. Nearest side-opener 3 1.3 0.16 0.08 0.00 
Mechanical aids 
I. Conventional 26 3.5 0.25 0.17 0.01 
2. Crowd gate 3 3.3 0.16 0.08 0.01 
3. Group-washing 3 0.8 0.25 0.28 0.00 
T echniques 
In herringbone 
I. Open box 4 2.9 0.29 0.26 0.01 
2. Circle 14 3.5 0.22 0.12 0.01 
3. Zigzag 8 4.0 0.29 0.21 0.01 
In side-opener 
4. Wanderer 0 0.0 
5. Great circle 6 1.4 0.21 0.19 0.00 
Man 
A. 3 1.8 0.47 0.26 0.01 
B. 0 0.0 
C. 12 6.4 0.22 0.13 0.01 
D. 2 9.6 0.20 0.01 0.00 
E. 3 6.8 0.16 0.08 0.01 
F. 1 1.4 0.01 0.00 
G. 0 0.0 
H. 0 0.0 
I. 11 4.5 0.25 0.19 0.01 
a Frequency= number ol times activity observed 
number of cows milked 
X 100 
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Table 19. Cow movement into parlor, man in pit-code 40. 
Observa- / Fre- Standard I Adjusted Description tions quencya Mean deviation mean 
Parlor style (No.) (%) (min) (min) (min) 
1. Herringbone 127 17 0.18 0.13 0.03 
2. Farthest side-opener 237 100 0.29 0.23 0.29 
3. Nearest side-opener 224 100 0.22 0.20 0.22 
Mechanical aids 
1. Conventional 127 17 0.18 0.13 0.03 
2. Crowd gate 92 100 0.12 0.09 0.12 
3. Group-washing 369 100 0.28 0.23 0.28 
Techniques 
In herringbone 
1. Open box 24 17 0.18 0.14 0.03 
2. Circle 68 17 0.20 0.14 0.03 
3. Zigzag 35 17 0.15 0.09 0.03 
In side-opener 
4. Wanderer 37 100 0.30 0.35 0.30 
5. Great circle 424 100 0.25 0.21 0.25 
Man 
A. 126 76 0.35 0.28 0.27 
B. 8 17 0.23 0.17 0.04 
C. 32 17 0.23 0.15 O.o4 
D. 36 17 0.18 0.13 0.03 
E. 44 100 0.12 O.o7 0.12 
F. 71 100 0.29 0.14 0.29 
G. 48 100 0.13 0.10 0.13 
.H. 180 100 0.24 0.22 0.24 
I. 43 18 0.24 0.20 O.o4 
F number of ttmes activity observed 
X JOO a requency == 
number of cows milked 
Table 20. Cow movement out of parlor, man in pit-code 41. 
Observa- Fre- Standard I Adjusted 
Description tions quencya Mean deviation mean 
Parlor style (No. ) (%) (min) (min) (min) 
1. Herringbone 126 17 0.29 0.26 0.05 
2. Farthest side-opener 237 100 0.12 0.11 0.12 
3. Nearest side-op_ener 224 100 0.11 0.12 0.11 
Mechanical aids 
1. Conventional 126 17 0.29 0.26 0.05 
2. Crowd gate 92 100 0.13 0.12 0.13 
3. Group-washing 369 100 0.11 0.11 0.11 
T echniques 
In herringbone 
1. Open box 24 17 0.24 0.21 0.04 
2. Circle 67 17 0.33 0.29 0.06 
3. Zigzag 35 17 0.25 0.24 0.04 
In side-opener 
4. Wanderer 37 100 0.06 0.07 0.06 
5. Great circle 424 100 0.12 0.12 0.12 
Man 
A. 126 76 0.10 0.11 0.07 
B. 8 17 0.40 0.35 0.07 
C. 33 17 0.37 0.30 0.06 
D. 34 16 0.29 0.27 0.05 
E. 44 100 0.09 0.10 0.09 
F. 71 100 0.1 3 0.09 0.13 
G. 48 100 0.17 0.12 0.17 
H. 180 100 0.12 0.12 0.12 
I. 43 18 0.24 0.20 0.04 
a Frequency== number of times activity observed 
X JOO 
number of cows milked 
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Table 21. Cow movement into parlor, man out of pit-code 42. 
Observa- Fre- Standard I Adjusted 
Description tions quencya Mean deviation mean 
Parlor style (No.) (%) (min) (min) (min) 
I. Herringbone 83 11.3 0.90 0.54 0.10 
2. Farthest side-opener II 4.6 0.82 0.60 0.04 
2. Nearest side-opener 38 17.0 0.53 0.43 0.09 
Mechanical aids 
l. Conventional 83 11.3 0.90 0.55 0.10 
2. Crowd gate 3 3.3 0.33 0.36 O.oI 
3. Group-washing 46 12.5 0.62 0.48 0.08 
Techniques 
In herringbone 
I. Open box 17 12.2 0.65 0.41 0.08 
2. Circle 40 10.1 1.04 0.60 0.11 
3. Zigzag 26 12.9 0.85 0.48 0.11 
In side-opener 
4. Wanderer 3 8.1 0.78 0.79 0.06 
5. Great circle 46 10.9 0.59 0.46 0.06 
Man 
A. 10 6.0 0.67 0.55 0.04 
B. 7 14.6 1.00 0.23 0.14 
C. 25 13.3 0.93 0.52 0.12 
D . 15 7.2 1.21 0.69 0.09 
E. 2 2.8 0.13 0.06 0.01 
F. 5 7.0 0.89 0.60 0.06 
G. l 2.1 0.75 O.oI 
H . 36 20.0 0.56 0.43 0.11 
I. 31 12.7 0.75 0.50 0.09 
a Frequency== number of times activity observed x 100 
number of cows milked 
T able 22, Cow movement out of parlor, man out of pit-code 43. 
Observa - Fre- I Standard I Adjusted Description tions quencya Mean deviation mean 
Parlor style (No.) (%) (min) (min) (min) 
I. Herringbone 66 9.0 0.30 0.21 0.03 
2. Farthest side-opener 0 0.0 
3. Nearest side-opener 0 0.0 
Mechanical aids 
I. Conventional 66 9.0 0.30 0.21 0.03 
2. Crowd gate 0 0.0 
3. Group-washing 0 0.0 
Techniques 
In herringbone 
I. Open box 4 2.9 0.26 0.08 0.01 
2. Circle 42 10.6 0.31 0.23 0.03 
3. Zigzag 20 10.0 0.28 0.16 0.03 
In side-opener 
4. Wanderer 0 0.0 
5. Great circle 0 0.0 .... . '. 
Man 
A. 0 0.0 
B. 0 0.0 
C. 18 9.6 0.29 0.13 0.03 
D. 24 11.5 0.33 0.29 0.04 
E. 0 0.0 
F. 0 0 .0 
G. 0 0.0 
H . 0 0.0 
I. 24 9.8 0.27 0.15 0.03 
a Frequency== number of times activity observed x 100 
number of cows milked 
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Table 23. Man leaves pit to go to milk room-code 51. 
Observa- Fre- I Standard I Adjusted Description tions quencya Mean deviation mean 
Parlor style (No.) ( %J (min) (min) (min) 1. Herringbone 14 1. 0.47 0.21 0.01 
2. Farthest side-opener 6 2.5 0.50 0.37 0.01 
3. Nearest side-opener 13 5.8 0.75 0.64 0.04 
Mechanical aids 
1. Conventional 14 1.9 0.47 0.21 0.01 
2. Crowd gate 4 4.4 0.30 0.13 0.01 
3. Group-washing 15 6.7 0.77 0.80 0.03 
Techniques 
In herringbone 
1. Open box 6 4.3 0.48 0.11 0.02 
2. Circle 4 1.0 0.27 0.12 0.00 
3. Zigzag 4 2.0 0.66 0.24 0.01 
In side-opener 
4. Wanderer 2 5.4 0.11 0.08 0.01 
5. Great circle 17 4.0 0.74 0.57 0.03 
Man 
A. 4 2.4 0.30 0.23 0.01 
B. 0 0.0 
C. 2 1.1 0.33 0.16 0.00 
D. 2 1.0 0.21 0.01 0.00 
E. 4 9.1 0.31 0.13 0.13 
F. 3 4.2 0.77 0.29 0.03 
G. 0 0.0 
H . 9 5.0 0.94 0.68 0.05 
I. 9 3.7 0.56 0.20 0.02 
F number of times activity observed 100 a requency == ~ x 
number of cows milked 
Table 24. Man leaves pit to go to other than milk room or moving cows- code 52. 
Observa- Fre- Standard I Adjusted 
Description tions quencya Mean deviation mean 
Parlor style (No.) ( %) (min) (m in) (min) 
I. H erringbone 5 0.7 2.45 3.09 0.02 
2. Farthest side-opener 1 0.4 7.95 0.03 
3. Nearest side-opener 1 0.5 7.75 0.03 
Mechanical aids 
1. Conventional 5 0.7 2.45 3.09 0.02 
2. Crowd gate 2 2.2 7.85 0.14 0.17 
3. G roup-washing 0 0.0 
Technique 
In h erringbone 
5.33 3.18 0.08 1. Open box 2 1.4 
2. Circle 2 ·o.5 0.30 0.06 0.00 
3. Zigzag 1 0.5 1.01 0.01 
In side-opener 
4. W anderer 0 0.0 
5 . Great circle 2 0.5 7.85 0.14 O.o4 
Man 
A. 2 1.2 5.33 3.18 0.06 
B. 0 0.0 
C. 2 1.1 0.30 0.06 0.00 
D . 0 0.0 
E. I 2.3 7.75 0.18 
F. 0 0.0 
G. 1 2.1 7.95 0.17 
H . 0 0.0 
I. 1 0.4 1.01 · 0.00 
a Frequency::::::: number of times activity observed x IOO 
number of cows milked 
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Table 25. Man leaves pit for equipment failure-code 53. 
Observa- Fre- Standard I Adjusted 
Description tions quencya Mean deviation mean 
(No.) (%) (min) (min) (min) 
Parlor style 
l. Herringbone 14 1.9 0.26 0.14 0.00 
2. Farthest side-opener 27 11.4 0.66 0.54 0,07 
3. Nearest side-opener 33 14.7 0.56 0.45 0.08 
Mechanical aids 
I. Conventional 14 1.9 0.26 0.14 0.00 
2. Crowd gate 4 4.4 0.47 0.21 0.02 
3. Group-washing 56 15 .2 0.62 0.50 0.09 
Techniques 
In h erringbone 
l. Open box 3 2.2 0.25 0.10 0.01 
2. Circle IO 2.5 0.28 0.15 0.01 
3. Zigzag I 0.5 0.08 0.00 
In side-opener 
4. Wanderer 4 10.8 0.30 0.40 0.03 
5. Grea t circle 56 13.2 0.62 0.49 0.08 
Man 
A. 17 10.2 0.72 0.62 O.G7 
B. I 2.1 0.08 0.00 
C. 4 2.1 0.23 0.14 0.00 
D. 6 2.9 0.32 0.15 0.01 
E. 2 4.6 0.61 0.13 0.03 
F. 8 11.3 0.60 0.40 0.07 
G. 2 4.2 0.32 0.18 0.Gl 
H. 31 17.2 0.56 0.46 0.10 
I. 3 1.2 0.25 0.10 0.00 
a Frequency== number of times activity observed 
number of cows milked 
x JOO 
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